Globally, tobacco use is a major modifiable risk factor and leading cause of many forms of cancer and cancer death. Tobacco use contributes to poorer prognosis in cancer care. This article reviews the current state of tobacco cessation treatment in oncology. Effective behavioral and pharmacological treatments exist for tobacco cessation, but are not being widely used in oncology treatment settings. Comprehensive tobacco treatment increases success with quitting smoking and can improve oncological and overall health outcomes. This article describes the components of a model treatment program, which includes automatic referrals for all current tobacco users and recent quitters, motivational interviewing during initial and follow-up contacts, combined behavioral and pharmacological interventions for cessation, and systematic follow-up phone calls for relapse prevention.
Advances in cancer prevention, screening, early detection, and treatment over the past 40 years have resulted in declines in cancer mortality and improved prognosis. The 5-year overall survival rates for cancer in the United States rose from 49% in 1975-1977 to 67% in 2007-2013 [ 1] , with a similar increase in survival rates seen in highand low-income countries worldwide [2] .
Though mortality rates are declining, cancer incidence continues to rise, both in the United States [1] and globally [3] . Where cancer incidence trends have declined, for instance in lung cancer and colorectal cancer, this is due in large part to reduced smoking prevalence [3] . Hence, there is a renewed focus on prevention, particularly modifiable risk factors, such as smoking [4] .
Smoking is responsible for 22% of cancer deaths globally [5] , and nearly a third of all cancer deaths in the United States [6] . Cancer survivors who smoke are at increased risk for recurrence of primary and secondary cancers, diminished quality of life, and cancer death [7, 8] . Smokers have a poorer response to radiation therapy and more radiation-related side effects when compared to former smokers and recent quitters who stopped smoking before the treatment [9, 10] .
Smokers also have worse surgical outcomes [10] . For lung cancer patients undergoing resection, smoking increases the risk of in-hospital mortality threefold and greatly increases the rate of pulmonary complications [11] . In a randomized trial, a smoking cessation intervention for lung cancer patients reduced postsurgery complications by half, compared to a no treatment control group (21 and 41%, respectively) [12] . For breast cancer patients undergoing surgery, smoking increased postmastectomy wound infection, skin flap necrosis, and epidermolysis, even after controlling for other potential risk factors [13] .
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Finally, in leukemia patients undergoing bone marrow transplants, current smokers were hospitalized twice as long as nonsmokers, former smokers, and recent quitters [14] . Apart from cancer site and the stage at the time of diagnosis, abstinence from smoking is the strongest predictor of survival in cancer patients [15] .
Tobacco use is common among cancer patients. In a cohort of 5,185 cancer patients in New York state, 17.6% reported regular tobacco use within a month following diagnosis and an additional 10.1% reported use within the last 12 months, placing them at high risk for relapse [16] . Current smoking prevalence is elevated further among head and neck (26.4%) [17] and thoracic (50%) cancer patients [10] . These numbers do not account for the estimated 10% of cancer patients who misrepresent their smoking status at their oncology visits, mostly due to shame and censure [18] .
Cigarettes are designed to initiate and sustain addiction, delivering nicotine rapidly to the brain via smoke inhaled into the lung [19] . No other drug is dosed as frequently as nicotine is by a daily smoker, and the sustained use over time with exposure to numerous carcinogens leads to cancer. Notably, cancer patients have more severe nicotine addiction than smokers without cancer [20] . Cigarettes per day and time to first cigarette, both key indicators of nicotine addiction, also predict the development of lung cancer [21] .
Smoking Cessation Treatment in Cancer Patients
A cancer diagnosis can be life-altering, and smokers with cancer report higher motivation to quit relative to the general population [22] . This increased motivation, -Cutting down while you are ill is not enough.
-Occasional or light smoking is still harmful.
-I realize that quitting is difficult. It is the most important thing you can do to protect your health now and in the future. I have training to help my patients quit, and when you are ready I will work with you to design a specialized treatment plan. ü Address temptations and triggers; discuss relapse prevention strategies.
ü Congratulate patients for continued success. however, has not translated into higher quit rates among cancer patients compared to the general population [15] . About half of cancer patients who smoked prior to diagnosis continue to smoke [23] . [25] ; yet, only 40% of oncologists discuss medications with patients who smoke and only 38% actively treat their patients for tobacco dependence [26] . Critical opportunities to improve oncological outcomes and extend patient survival are being missed.
Minimal Intervention
In general practice, minimal smoking cessation interventions typically consist of only clinician advice to quit. Despite its widespread use, brief advice is not enough for most smokers, and should really be viewed as the initial step on the path to more comprehensive and effective tobacco treatment [27] . The US Public Health Service has issued guidelines for treating tobacco dependence in the general population beyond simply brief advice to quit. Recommended are the "5 As" to: ask all patients about tobacco use, advise smokers to quit, assess readiness to make a quit attempt, assist patients with quitting smoking, and arrange follow-up [27] (Fig. 1) . The National Institute for Health Care and Excellence (NICE) in the UK issued a similar quality standard guidance regarding tobacco cessation [28] .
In recognition that it may be infeasible or impractical for oncologists to provide ongoing tobacco cessation treatment, research supports modification of the "5 As" approach to: ask, advise, connect (AAC) [29] . With AAC, the oncology team would ask about tobacco use, advise patients who smoke to quit, and then actively link the patients to other programs through the electronic health record or a fax referral (e.g., outpatient quit smoking group, quitline) to provide cessation assistance and arrange follow-up.
There is a dose-response relationship between clinical attention to tobacco and successful quitting in the general population [27] . Compared to no intervention, physician advice increases the likelihood of a quit attempt by 24%; providing medication by 68%; and providing behavioral support by 117%; compared to physician advice, providing medication increases quit attempts by 39% and behavioral support increases quit attempts by 69% [30] . However, these numbers only represent quit attempts, and relapse is common. To achieve improved health outcomes, long-term abstinence is needed. High-level care that includes combined medication and behavioral support can greatly improve the odds of long-term cessation [31] .
Treating the Biopsychosocial Aspects of Tobacco Use and Addiction
Tobacco use disorder is a chronic relapsing disease that needs to be treated as a chronic illness with biological, psychological, and social components similar to treatment methods for diabetes, hypertension, and cancer [10] . Therefore, the language used to describe tobacco treatment outcomes should be the same as the language used in cancer care; for example, "complete response," "can benefit from long-term follow-up and regular monitoring," and "partial remission." Patients who relapse to smoking should not be viewed as "treatment failures." If there is a "recurrence" of smoking, a nonjudgmental reassessment and restructuring of the treatment plan will be needed to achieve sustained abstinence. Further, part of recovering from an addiction is the recognition that relapse is a real risk and preventing relapse is an active and ongoing process. This "recovery" mindset closely parallels recovery pathways in cancer care. Oncology treatment and recovery pathways parallel existing recovery pathways to addiction and other chronic diseases, spanning prevention, early intervention efforts, active treatment, and then posttreatment recovery, self-management, and relapse prevention [32] .
The physiological elements of tobacco addiction and nicotine withdrawal are effectively treated by medications (comprehensive information on types, dosing, and precautions for all pharmacological treatments for smoking cessation is presented in online suppl. have efficacy in increasing long-term quit rates [24] . A Cochrane review of pharmacological interventions for smoking cessation in the general population concluded that varenicline and combination NRT (i.e., combining slow-acting patch plus faster-acting gum or lozenge) have the strongest and comparable treatment effects followed by bupropion and single forms of NRT [33] . In an openlabel study of varenicline among treatment-seeking smokers with cancer, 40% were abstinent at 12 weeks [34] . For oncology patients, the NCCN considers bupropion an effective second-line treatment [24] .
When treating the biological aspects of tobacco addiction, the psychological and social aspects should not be overlooked. Effective psychosocial therapies for smoking cessation generally work by identifying high-risk situations for smoking, problem-solving strategies to manage these situations, and providing ongoing motivational enhancement [24] . According to recent Cochrane reviews, individual counseling is more effective than brief contact [35] , and group therapy cessation interventions outperform self-help programs (RR 1.88, 95% CI 1.52-2.33, 13 studies, n = 4,395) and brief support from a health care provider (RR 1.22, 95% CI 1.03-1.43, 14 studies, n = 7,286) [36] . Many groups exist, such as the American Lung Association's Freedom from Smoking program (http://www.lung.org/stop-smoking/join-freedomfrom-smoking/). Cochrane reviews have also shown effectiveness for telephone quit lines [37] and web-based interventions [38] . Oncologists in the United States with limited referral options for smoking cessation treatment can direct their patients to resources such as 1-800-QUIT-NOW or smokefree.gov. Similar resources are available in the United Kingdom (www.nhs.uk/smokefree) and Australia (www.quitnow.gov.au).
In oncology, there are important psychological components to consider in addition to traditional tobaccofocused behavioral interventions. Anxiety, stress, and depression are common side effects of cancer treatment and nicotine withdrawal [39] . These concerns warrant attention on their own merit and should be addressed during tobacco addiction treatment to help sustain abstinence [40] . Stigma and self-blame are also relevant clinical issues to consider both with regard to smoking and cancer diagnosis [10] . Smokers have become increasingly marginalized in society, and feelings of shame and stigma are common among lung cancer patients, regardless of smoking status [10] . Tobacco cessation treatments ought to incorporate mood and stress management coping strategies and provide additional support and psychological treatment referrals as needed [10] .
Mindfulness training for smoking cessation warrants a brief discussion here, as it is an emerging behavioral therapy for smoking cessation. Mindfulness practices teach patients to take a nonjudgmental, nonreactive stance toward present-moment experiences [41] . Mindfulness practices, which are centered on teaching awareness and nonreactivity toward craving states, are especially relevant in the treatment of addictive behaviors [42] . Patients practice and learn specific interventions such as breath meditation, mindful eating, and urge surfing, a mindfulness practice applied specifically to cravings [42, 43] . In one study, patients who were randomized to mindfulness training for tobacco cessation achieved abstinence rates of 31% at the 17-week follow-up, compared to only 6% of those in the American Lung Association's Freedom from Smoking program [44] . In another randomized controlled trial, mindfulness training for smokers achieved a 6-month abstinence rate of 39% compared to 21% in a telephone quit-line control group [45] . At least two other randomized trials found positive results for mindfulness training for smoking cessation, producing abstinence rates of between 20 and 30% [46, 47] . For oncology patients who are long-term smokers and who have failed to quit with traditional treatments, a quit smoking program that incorporates mindfulness training may instill hope and raise motivation. Mindfulness treatments have been developed for reducing stress, depression, anxiety, fatigue, and sleep problems [48] , and may therefore yield positive benefits above and beyond smoking cessation for cancer care.
Combined Treatments for Smoking Cessation
As mentioned prior, the NCCN guidelines recommend combining behavioral and pharmacological cessation interventions [24] . The 2008 US Public Health Service Clinical Guidelines found that combining evidencebased counseling and pharmacotherapy doubled the long-term quit rates over either modality alone and tripled those rates over unassisted quit attempts in the general public [27] .
Unfortunately, combined cessation treatments are not being readily disseminated or evaluated in oncology settings. A 2013 meta-analysis of 13 studies (10 randomized trials and 3 prospective cohort studies) summarized the evidence from tobacco treatment interventions for cancer patients [49] . The behavioral components ranged from physician advice, counseling and informational booklets, to motivational interviewing, and cognitive- behavioral therapy. Six of the studies included NRT, 3 included other cessation medications, and 5 did not include any pharmacotherapy. Overall, smoking cessation treatment effects were not significant at short-(5 weeks) or long-term (6 months or more) follow-up. Examined by treatment type, abstinence outcomes were not significant for counseling-only but were significant for combination treatments (medication plus counseling). In terms of timing, smoking cessation interventions in the perioperative period were found to double the odds of quitting. In general, the behavioral interventions were fairly brief in contact and do not represent best evidence-based protocols for tobacco cessation. More intensive treatments are anticipated to improve long-term success rates [49] . The importance of the perioperative period as an ideal window for addressing tobacco is noted. As mentioned prior, smoking is associated with poor surgical outcomes including increased risks of general anesthesia, poor wound healing, and cardiovascular events [10] [11] [12] .
Worth highlighting is an exemplary study testing a behavioral and pharmacologic cessation treatment in an oncology patient population. Duffy et al. [50] evaluated 9-11 sessions of telephone-delivered cognitive-behavioral therapy with bupropion plus NRT in a randomizedcontrolled design for up to 6 months of follow-up in cancer patients. The control group in this study reflected real-world usual care with participants assigned to this condition receiving a one-time assessment; advice to quit smoking; and a list of referrals for local, state, and national resources for smoking cessation. At the 6-month follow-up, with significant effects, 47% of intervention participants were abstinent compared to 31% of control participants [50] . A second, more recent meta-analysis further underscores the importance of combining behavioral counseling with pharmacologic cessation interventions: among 1,239 patients with head and neck cancer, behavioral counseling plus NRT significantly improved cessation rates compared to NRT alone [51] .
Comprehensive Treatment for Smoking Cessation
Most oncology providers encounter smokers at a point in their lives when their tobacco addiction is now longstanding; this chronicity often indicates an addiction that is difficult to treat. With the experience of past failed quit attempts, patients may feel defeated in their ability to quit. However, oncology providers are in a unique position to provide intervention because motivation to quit can increase at the time of a cancer diagnosis. It is important to optimize this opportunity and create a comprehensive smoking cessation treatment plan. Box 1 presents a realworld case example where an oncologist partners with a tobacco cessation program and uses the NCI's "5 As" with attention to motivation and readiness to quit.
Universal screening and assessment provide the entry into comprehensive tobacco treatment care. For patients not ready to make a quit attempt, motivational interviewing (MI) can help resolve ambivalence about quitting smoking. MI is based on the principles of expressing empathy, developing discrepancy, rolling with resistance, and supporting self-efficacy [52] . In the general population, the overall effect of MI on tobacco abstinence at 6 months is a modest improvement over brief advice or usual care (RR 1.27, 95% CI 1.12-1.43) [53] .
Patients ready to quit smoking ought to be encouraged to set a quit date, ideally within the next 2 weeks; should be offered counseling and support; provided cessation medications, unless contraindicated; and referred for additional behavioral intervention, either individual, group, or virtual (phone, web-based, and/or texting). Prior quit
Box 1. Case example -Thomas and Jennifer
Thomas is a 56-year-old male who has recently been diagnosed with lung cancer. He has a 20-pack-year smoking history and currently smokes 20 cigarettes per day. He was advised to quit at the time of his diagnosis, and was referred to the Stanford Tobacco Cessation Program. At that time, he declined the referral, stating he would try to quit on his own. He successfully quit for a few weeks while receiving radiation therapy. However, when he was contacted at the 3-month follow-up, he had resumed smoking. While still unsure about joining the tobacco cessation program, he agreed to talk to his oncologist.
At his next oncology appointment, his wife, Jennifer, accompanied him to provide support. The astute oncologist asked Jennifer whether she was also smoking. Indeed, she is a 15-packyear smoker and currently smoking 10 cigarettes per day. At the urging of their oncologist, the couple decided to quit together and enter treatment. At intake, they both decided to join the 8-week psychotherapy group, discovered the utility of the urge surfing skill to cope with cravings, and accepted referrals to medication consultation.
Thomas began taking varenicline and using nicotine lozenges, and Jennifer started using the patch and lozenges. Both incorporated skills learned in the psychotherapy group. Both set quit dates while in group and quit smoking within 1 month. They attended the group a few more times to help others quit -and stay quit themselves. Nine months after their intake appointment (15 months after initial referral to the program), both have remained tobacco-free.
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Relapse prevention and ongoing monitoring are key for sustaining abstinence. In a nonclinical sample, compared to a control group that received 12 weeks of bupropion, NRT, and 5 weeks of behavioral counseling, Hall et al. [54] examined the efficacy of extended treatment contact to address relapse prevention. They spaced out 11 additional counseling sessions during weeks 12-52, with goals of quit maintenance, relapse prevention, and motivational enhancement. The extended counseling condition increased the likelihood of abstinence at weeks 64 and 104 by 54%, with an impressive 48% still quitting at week 104 [54] . In the clinical setting, long-term followups could be delivered by phone or by inviting patients to return to group or individual counseling for relapse management. An added benefit of group treatments is that the successful quitter can assist and give confidence to other smokers trying to quit, which also helps the former smoker stay quit. This may be one explanation for why some studies show that group counseling is more effective than individual counseling for quitting smoking [55] .
Who Provides the Cessation Treatment?
It is unreasonable to expect highly specialized oncologists to provide comprehensive smoking cessation treatment to their patients given competing demands for their time, the cost of their clinical care, and the general lack of tobacco cessation training in oncology. Less than 1% of physicians at cancer care centers prefer to provide cessation assistance themselves [56] . Yet, oncologists are central leaders and valuable allies for supporting the development and growth of cessation services in-house. The most successful cessation programs are referral-based, dedicated comprehensive treatment programs, to which oncologists can easily refer their patients who smoke [57] . In addition to comprehensive treatment, two other key elements for successful referral-based programs are automatic referral systems and systematic telephone followup [20] . These technologies reduce physician burden further, help to achieve the highest possible success for all patients who endorse current smoking or recent quitting within a medical system, and dovetail well with hospital initiatives to report on tobacco-related metrics for the merit-based incentive payment system as well as meet the Joint Commission standards.
Stepped Care Models
For some patients, a stepped care tobacco treatment approach may be warranted. This may be particularly true for cancer patients with higher levels of nicotine addiction and with co-occurring psychiatric disorders. In stepped care models, if a patient demonstrates an inability to quit or experiences repeated relapse to smoking with minimal intervention, providers should intervene with a higher level of care instead of recommending that patients continue to try the same approaches [24, 27] . The American Society of Addiction Medicine (ASAM) has an established set of criteria to determine an optimal level of care that is widely applied in the treatment of addictive disorders [58] . Williams et al. [59] make a convincing argument for these criteria to be applied to tobacco addiction treatment as well. For example, patients who cannot quit smoking with standard outpatient treatment, despite severe medical problems, may require a more intensive outpatient program, or perhaps even a higher level of care such as residential or inpatient [59] . Many cancer patients who smoke may meet such criteria for placement in higher levels of care. In contrast to treatment for other addictions, there are no known intensive outpatient programs and few residential programs that exist for the primary purpose of tobacco treatment. An exception is the Mayo Clinic, which has an 8-day residential treatment program for tobacco cessation and reports 6-month quit rates of 52% [60] .
Model Tobacco Treatment Programs
Quitting smoking is a difficult process for many tobacco users; it can add additional stress to an already stressful cancer treatment regimen. However, given the impact of cessation on cancer treatment efficacy and survival, quitting smoking is a task well worth pursuing even during this stressful time. Because of the added stress of cancer care, it is important for the care team to support patients as they quit smoking and to ensure that an adequate level of individualized tobacco treatment is offered, integrated, and easily accessible. Established tobacco treatment programs in oncology clinics demonstrate high efficacy and utilization rates, debunking common myths that cancer patients cannot quit smoking because it is too stressful or patients are unavailable to engage in effective tobacco treatment.
The most successful programs provide a combination of MI, behavioral skills training, pharmacological interventions, and long-term follow-up [24, 27] . It is also helpful to provide education to oncology providers and patients about the importance of quitting smoking during cancer treatments. A few programs have specifically tailored their interventions to reflect the treatment recommendations of the US Public Health Service [27] and the NCCN [24] while also meeting the needs of large, hospital-based cancer centers.
The Tobacco Treatment Program at the University of Texas MD Anderson Cancer Center provides a helpful model for understanding how comprehensive tobacco treatment can serve oncology patients. The program was founded in 2006 with the central philosophy of individualized care tailored to each patient's level of motivation, pharmacologic needs and preferences, and environmental situation [20, 57] . The program begins with a provider referral or proactive outreach via an automated referral system whereby all patients identified as current tobacco users or recent quitters are contacted. Following outreach, the program has a number of different treatment pathways to engage patients, including self-help materials mailed to the homes of those who cannot be reached or who stated they were not interested in quitting at that time, telephone counseling and over-the-phone prescribing for those who cannot access in-person services, and face-to-face evaluation and counseling [57] . A comprehensive interview covers smoking history, previous attempts to quit and methods used, as well as a detailed psychosocial history. An in-house medical provider also reviews each case to determine the best medication option. Behavioral counseling consists of 15-to 45-min sessions weekly for 10-12 weeks, with additional sessions as needed. During the active treatment, for those who do not quit within the first few weeks, tobacco treatment providers tailor medications and behavioral skills training as needed to help the patient quit. Follow-up sessions are conducted in person or by telephone according to patient preference and are aimed at preventing relapse to smoking. This program, including pharmacotherapy, is free to all MD Anderson Cancer Center patients and justified by cost savings.
The MD Anderson Tobacco Treatment Program reports impressive effectiveness data [15, 57] . For patients who had at least one in-person appointment from January 2006 through August 2013 and were reached at follow-up (n = 2,085 individuals, response rate 75%), the 9-month abstinence rate was 47%. Using a modified intent-to-treat model (i.e., counting those lost to follow-up as smokers), the 9-month abstinence rate was 38%. When MD Anderson instituted an automatic, proactive referral system, participation dramatically increased, resulting in over 5,000 automatic referrals per year, with approximately 1,100 individuals entering face-to-face treatment [15] .
Similar efforts are being initiated at cancer care centers across the country, all with the goal of improving tobacco treatment in oncology care. For example, the Tobacco Cessation Program at the Stanford Cancer Center is in an early stage of development. The program similarly begins with a thorough in-person assessment to obtain smoking history, improve motivation, monitor breath carbon monoxide, and determine an individualized treatment plan.
Patients are then referred to a weekly psychotherapy and skills training group as well as a medication consultation, if appropriate. The psychotherapy group consists of once-a-week, hour-long sessions for at least 8 weeks aimed at teaching mindfulness and cognitive behavioral skills to make a quit attempt and cope with cigarette cravings. The program also includes educational sessions on pharmacotherapy, and a medication consultation is available immediately after every group. For some patients, hearing others' experiences with medications in the group provides the impetus to get started. All patients referred to the program, regardless of whether they engaged in treatment, are contacted for telephone follow-up at 3 and 9 months following referral. The follow-up calls consist of brief questions to assess current smoking and recent quit attempts, as well as motivational interviewing to encourage re-engagement in treatment if they are smoking. Box 1 provides a case example of the program at work. Planned future enhancements to the program include automatic referral via the electronic medical record and telemedicine services offered to those unable to come to treatment in person.
Conclusion
Given the significant impact of smoking on cancer prognosis and the cost of oncology treatment, treating tobacco dependence needs to be an essential part of cancer treatment. The advice to quit smoking that often takes place in an oncologist's office is laudable and necessary, DOI: 10.1159/000489266 but generally not sufficient to promote long-term abstinence among tobacco-dependent cancer patients. Comprehensive tobacco treatment that addresses the psychosocial, behavioral, and biological aspects of a tobacco use disorder can produce impressive quit rates among the oncology population and thus warrants greater institutional support and dissemination into practice. Automatic referrals reduce the need to rely on individual provider referrals and greatly expand the program impact. Continued follow-up by phone, with referrals for additional support if a relapse occurs, will help sustain the initial success of a quit attempt, promote long-term abstinence, and help patients recover quickly if they slip back to smoking. Systematic follow-up is necessary and addresses the reality of tobacco dependence as a treatable, chronic, relapsing condition. Further, oncology providers who help link their patients to the appropriate level of addiction treatment can help their cancer patients quit smoking and ultimately improve their cancer prognosis and quality of life. Free and accessible tobacco treatment programs provide an opportunity for significant cost savings, especially as systems transition to value-based care or bundled payment models.
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